of palynomorphs extracted. It produced clean residues, which are eminently suitable 23 for most palynological studies. The majority of the taxa present were recovered in 24 representative relative proportions, and no taxonomic biases were noted. The absolute 25 numbers of most taxa decrease in a stepwise fashion from acid digestion via the 26 (NaPO 3 ) 6 procedure to the H 2 O 2 method. However, the concentrations of bisaccate 27 pollen were apparently relatively unaffected by the three methods used. Similarly, the 28
Meiourogonyaulax catytonensis group appears to be unusually resistant to oxidation 29 damage by H 2 O 2 . It is considered that the (NaPO 3 ) 6 preparation method is an 30 eminently viable alternative to acid digestion, especially in remote operational settings 31 such as rigsites. The H 2 O 2 technique proved to be significantly less effective, at 32 approximately 10% of the extraction level of acid digestion which appears to be 33 5 using a spike of Lycopodium clavatum tablets (Benninghoff, 1962; Stockmarr, 1971) . 137
Five Lycopodium tablets were added to each of the six subsamples prior to the 138 preparation procedures. At least 250 Jurassic palynomorphs were counted (Table 1) . 139
Damaged palynomorphs were considered; fragments which represented ca. 50% of 140 the grain were counted as such and aggregated into the count. However any portions 141 below 25% were disregarded. The absolute abundances of palynomorphs were 142 calculated using the equation of Benninghoff (1962) 
155
It should be remembered that exotic Lycopodium spores may be lost during the 156 preparation procedure, largely during the decantation and sieving stages (Mertens et 157 al., 2009 Riding (1982; 1987; 2005) , Smelror (1988a,b) , Kunz (1990) and Riding and 178 Thomas (1997) . The association is assigned to the earliest Oxfordian DSJ20 Zone of 179 Poulsen and Riding (2003) . 180
The prepared organic residues from the six subsamples were each examined 181 and the indigenous Jurassic palynomorphs and the exotic Lycopodium spores counted. 182
All numerical data and the concentrations of the indigenous palynomorphs are 183 presented as Tables 1 and 2 respectively. The results of this study are discussed 184 below, both sample-by-sample and in general terms. In summary, the two non-acid 185 procedures extracted significantly fewer palynomorphs than acid digestion, with the 186 (NaPO 3 ) 6 (Table 2 ). This represents 9.6% and 21.4% of the 202 concentrations achieved with acid digestion and the (NaPO 3 ) 6 method respectively. 203 7 This reduction in palynomorph productivity from the acid digestion method using 204 H 2 O 2 is far more for the indigenous marine palynomorphs, than the reduction in the 205 level of in situ terrestrial palynomorphs. This strongly suggests that dinosporin is 206 generally more susceptible to oxidation than the sporopollenin in pollen and spores. It 207 appears that the diminution in the concentration of in situ pollen and spores is less 208 using the H 2 O 2 technique than with the (NaPO 3 ) 6 method ( Table 2) . 209
For the most common dinoflagellate cysts, i.e. Gonyaulacysta jurassica subsp. 210 adecta, the Meiourogonyaulax caytonensis group, Mendicodinium groenlandicum, the 211
Sentusidinium rioultii group and Wanaea spp., the diminutions in concentration 212 between acid digestion and the (NaPO 3 ) 6 method are similar. Generally, this reduction 213 in concentration is around 50%. The further reductions with the H 2 O 2 technique are 214 normally very high, but are significantly more variable. For example the 215
Meiourogonyaulax caytonensis group is 54.1% of the concentration derived using the 216 (NaPO 3 ) 6 method, and no specimens of Wanaea spp. were recorded in the H 2 O 2 217 preparation (Table 2) . Generally, however, the numbers of dinoflagellate cyst taxa per 218 gram decrease in a stepwise fashion from acid digestion via the (NaPO 3 ) 6 procedure to 219 the H 2 O 2 method. An exception to this is Batiacasphaera spp., which proved most 220 concentrated in the H 2 O 2 preparation. Similarly, Evansia deflandrei was more 221 relatively abundant in the H 2 O 2 preparation than in the (NaPO 3 ) 6 method subsample. 222
Species which are more concentrated using the (NaPO 3 ) 6 method are Gonyaulacysta 223 dentata and Pareodinia ceratophora. Trends such as this based on low counts are less 224 reliable than for the abundant species, for example the concentrations of Pareodinia 225 ceratophora are relatively similar in both samples for all three methods (Table 2) . 226
The trend of decreasing concentrations from acid digestion through (NaPO 3 ) 6 227 and H 2 O 2 in the miospores is only followed by Cerebropollenites macroverrucosus. 228
The concentrations of undifferentiated bisaccate pollen and Classopollis classoides 229 appear to be relatively unaffected by the preparation method used. The concentrations 230 of Callialasporites spp. per gram were markedly less using the two non-acid 231 techniques, but this diminution is relatively similar. Furthermore, the concentration of 232
Perinopollenites elatoides appears to have increased using the H 2 O 2 method (Table  233 2). 234
Similarly, the diversity of palynomorphs diminishes using the two non-acid 235
techniques. This trend is most marked in the marine forms, reducing from 30 to 20 236 8 taxa between acid digestion and the H 2 O 2 method. The diversity of terrestrially-237 derived forms is reduced, but not as significantly (Table 1) . 238
In terms of the percentages of the main kerogen macerals, the most marked 239 trends are the increase in black/brown wood and the decrease in AOM and non-woody 240 plant fragments from acid digestion through the (NaPO 3 ) 6 Table 2 ). The (NaPO 3 ) 6 method yielded 73,494 in situ grains per gram, which 252 represents 58.1% of the density produced by the acid digestion method. This 253 reduction in concentration is virtually identical (57.0%) for the indigenous marine 254 palynomorphs. However, the concentration of in situ terrestrial palynomorphs 255 produced using the (NaPO 3 ) 6 method is 73.5% of that produced by the acid digestion 256 procedure. The H 2 O 2 protocol was the least effective method, yielding 17,532 257 palynomorphs per gram; this represents 13.9% and 23.9% of the densities produced 258 using the acid and (NaPO 3 ) 6 techniques respectively. This reduction in productivity 259 using the H 2 O 2 technique rather than the acid digestion method is far more for the in 260 situ marine palynomorphs by comparison with the indigenous terrestrial 261 palynomorphs. In marked contrast with DUN 42, the reduction in the concentrations 262 of in situ miospores reduces stepwise from acid digestion through the (NaPO 3 ) 6 and 263 H 2 O 2 methods (Table 2) . 264
For the majority of the most common dinoflagellate cysts, i.e. the 265
Meiourogonyaulax caytonensis group, Mendicodinium groenlandicum, Rigaudella 266
aemula, the Sentusidinium rioultii group and Wanaea spp., the concentrations 267 produced reduced markedly between the acid and the (NaPO 3 ) 6 methods. (Table 2) . However, phenomena such as 284 these that are based on low counts are less significant than analagous trends for the 285 more abundant taxa. 286
The trend of decreasing concentrations from the acid technique through the 287 (NaPO 3 ) 6 and H 2 O 2 methods for the miospores is followed by Cerebropollenites 288 macroverrucosus, Cyathidites spp. and Perinopollenites elatoides. The concentration 289 of undifferentiated bisaccate pollen however, seems to be unaffected by the 290 preparation method used; this is a similar trend seen in sample DUN 42 (see above). 291
Of the two non-acid methods, the concentration of Classopollis classoides appears to 292 be greater using the H 2 O 2 technique (Table 1) . 293
Palynomorph diversity diminishes using the two non-acid techniques. This 294 phenomenon is greatest in the marine forms, reducing from 26, to 15 and 16 taxa 295 between acid digestion and the (NaPO 3 ) 6 and H 2 O 2 methods respectively. The 296 diversity of terrestrially-derived forms is similar for all three preparation methods 297 (Table 2) . 298
The percentages of black/brown wood increased and the relative proportions 299 of AOM and non-woody plant fragments decreased through the acid digestion, 300 (NaPO 3 ) 6 This study has shown that, for these palynomorph-rich Jurassic marine 308 claystones, acid digestion produces organic microfossil concentrations which are 309 reduced by between 41.9% and 55.1% using the (NaPO 3 ) 6 technique. This reduction is 310 reflected in the marine palynomorphs more than in the pollen and spores. The H 2 O 2 311 preparations yield sparser palynomorph assemblages than the acid digestion and the 312 (NaPO 3 ) 6 techniques. This reduction occurs in a stepwise fashion, and the H 2 O 2 313 preparations produced between 9.6% and 13.9% of the concentrations produced by 314 acid digestion. The palynomorph diminution in the H 2 O 2 preparations, by comparison 315 to the acid-based preparations, are most profound for the marine palynomorph 316 associations (largely dinoflagellate cysts). However, the Meiourogonyaulax 317 caytonensis group appears to be more resistant to oxidation damage by H 2 O 2 . Most 318 miospores are also reduced in concentration stepwise from acid digestion through the 319 (NaPO 3 ) 6 technique to the H 2 O 2 protocol. However, the concentrations of 320 undifferentiated bisaccate pollen and Classopollis classoides seem to be relatively 321 unaffected by the preparation method used. The diversity of palynomorphs was 322 diminished with the two non-acid techniques. This reduction was consistently higher 323 in the marine palynomorphs. By contrast, the diversity of terrestrially-derived forms is 324 substantially similar for all three preparation methods. This phenomenon may be a 325 function of total diversity, which is significantly greater in the marine forms. 326 Consistent trends were perceived in the kerogen macerals. The percentages of 327 black/brown wood increased, and the relative proportions of AOM and non-woody 328 plant fragments decreased through the acid digestion, (NaPO 3 ) 6 and H 2 O 2 protocols. 329
However, the percentages of palynomorphs are broadly comparable in the acid and 330 (NaPO 3 ) 6 preparations, but these are reduced in the H 2 O 2 preparations. The reduction in palynomorph productivity of the acid digestion method of 344 approximately 50% with the (NaPO 3 ) 6 technique is most likely to be due to the 345 incomplete dissagregation of the clay fraction, coupled with losses during the 346 extensive sieving away of the small (<10 μm) clay particles. Notwithstanding the 347 reduced palynomorph concentrations using the (NaPO 3 ) 6 technique, it unequivocally 348 produces eminently workable palynofloras which are only slightly reduced in 349 diversity compared to those produced by acid digestion. The marine palynomorphs 350 are more reduced in diversity than the miospores, however this may be due to the 351 greater diversity of dinoflagellate cysts in the material studied herein. It is highly 352 likely that the full diversity of palynomorphs would be revealed by studying more 353 slides of the (NaPO 3 ) 6 residue. This means that, at least for routine analyses, the 354 (NaPO 3 ) 6 technique is an eminently viable alternative to acid digestion. Only a tiny 355 proportion of the palynomorphs extracted from a sample are ever studied, so this 356 factor is unlikely to be a serious problem with palynologically-productive material. It 357 seems clear that the (NaPO 3 ) 6 method does not cause any significant oxidation of the 358 palynomorphs. However, the AOM content of the organic residue was markedly 359 reduced, so the (NaPO 3 ) 6 treatment does somehow affect the AOM. This is probably 360 by physico-chemical means, and appears not to be through oxidation. This confirms 361 the findings of Riding and Kyffin-Hughes (2004; 2006; 2010) , who also noted this 362 phenomenon. This means that any reduction in effectiveness is due to physical 363 factors. This will hence allow future development of the technique to increase 364 efficacy. This study has analysed the concentrations of individual taxa, and this has 365 proved that the (NaPO 3 ) 6 method does not cause any significant taxonomic biases. 366
However, the concentrations of bisaccate pollen and Classopollis classoides seem to 367 be similar in both the mineral acid and the (NaPO 3 ) 6 preparations. The reason for this 368 slight disparity to the majority of the remaining palynomorph taxa is not clear. 369 370 12
The hydrogen peroxide technique 372 373
The H 2 O 2 protocol used here produced reasonable palynomorph associations, 374 but these were relatively sparse compared with the other methods tested. This 375 significantly reduced effectiveness is consistent with the findings of Riding and 376 Kyffin-Hughes (2006) and Riding et al. (2007) . This profoundly reduced 377 palynomorph recovery, coupled with the reduced levels of AOM, means that the H 2 O 2 378 technique unequivocally destroys significant proportions of the organic residue by 379 oxidation. This is a significant problem with the use of H 2 O 2 , which is known to be an 380 aggressive oxidising agent (Hopkins and McCarthy, 2002) . These results strongly 381 suggest that the (NaPO 3 ) 6 method is significantly superior to the H 2 O 2 technique. 382
However the H 2 O 2 method will clearly produce workable palynomorph assemblages 383 which can, for example, produce satisfactory biostratigraphical data and 384 interpretations. The reason for this is that the palynomorph diversities in this study 385 were comparable to those produced by the (NaPO 3 ) 6 technique ( Table 1) . Analysis of 386 the concentrations of individual taxa has proved that the H 2 O 2 method does not cause 387 any significant taxonomic biases. This is probably largely due to the fact, in this 388 study, the dinoflagellate cysts are overwhelmingly gonyaulacacean and hence not 389 especially susceptible to destruction by oxidation. Peridiniacean dinoflagellate cysts 390 are known to be more prone to damage by oxidation in comparison to gonyaulacalean 391 forms (Dale, 1976; Schrank, 1988; Harland, 1989; Head, 1996; Williams et al., 2005; 392 Riding et al., 2007) . However, the concentration of bisaccate pollen is similar in both 393 the mineral acid and the H 2 O 2 preparations ( 
